INTRODUCTION
The Department of Veterans Affairs (VA) Office of Research and Development convened a group of experts (authors on this guest editorial) to identify key rehabilitation research opportunities. Our first task was to examine the important themes of rehabilitation research to serve as a guide to the identification process. Rehabilitation research encompasses a broad field of disciplines and methodologies covering the full spectrum of basic to applied science. Important themes for rehabilitation research include prevention, improvement, restoration, and replacement of underdeveloped or deteriorating function [1] . The use of the term "function" refers to the level of impairment, activity, and participation as defined by the World Health Organization [2] . An anonymous reviewer of this editorial noted that rehabilitation researchers are practitioners and investigators of the "science of recovery." Rehabilitation research operates within three domains of investigation: (1) physiological function (molecule, cell, tissue, and organs), (2) physical and mental function, and (3) social and community integration and design and delivery of rehabilitation services [3] .
In defining areas of research opportunity, we do not intend to suggest an exclusive focus on the proposed topics and we fully support other creative approaches. Within each of the three domains of investigation identified previously, this editorial provides examples and highlights areas of interest but does not fully describe each potential research area of interest, nor does it cover all areas.
PHYSIOLOGICAL FUNCTION (MOLECULE, CELL, TISSUE, AND ORGANS)
It is important to understand the mechanisms of disease or injury relating to impairment. In considering research opportunities, we identified seven areas within the domain of physiological function (Figure 1 ).
Axonal Sprouting, Regeneration, and Functional Compensation
The role of growth or trophic factors on the nervous system has undergone a transformation from molecules in early development to potential therapies for both neurodegenerative diseases and injury. Factors such as nerve growth factor (NGF), brainderived neurotrophic factor (BDNF), and glial cellline derived neurotrophic factor (GDNF) have been well studied, both with regard to their mechanisms of action and their protective and restorative effects in animal models of neurodegenerative diseases and SCI [12] [13] [14] . Translation of these factors into effective protein-based therapeutics has been a major challenge. Gene-based strategies, such as the injection of viral vectors expressing NGF in Alzheimer disease (AD) or the GDNF homolog neurturin in PD, are undergoing clinical trials as a means of administering biologically active amounts of these factors to brain regions undergoing degeneration [15] [16] . Enhanced understanding of these factors and their clinical use will have a profound effect on treatment of a variety of conditions, including SCI, TBI, and neurodegenerative diseases.
Drug, Gene, and Cell-Based Therapies for Recovery of Function
A variety of cell-based therapies are under development for neurodegenerative diseases, stroke, TBI, and SCI. Both embryonic stem cells and adult mesenchymal cells secrete a variety of potentially beneficial substances that have both anti-inflammatory and neuroprotective qualities [17] [18] . The feasibility and safety of infusion of autologous (adult-derived) bone marrow mesenchymal stem cells has been demonstrated in phase I studies in human subjects [19] . Cellbased therapies are viewed as major components of regenerative neuroscience and medicine.
Recent studies are developing more efficient protocols for conversion of embryonic stem cells into dopamine-producing neurons with the potential to replace degenerating cells in patients with PD [20] . Translation of such neuron replacement therapy will be a challenge, where cells will need to both differentiate appropriately and form functional connections with the host brain. The forms of potential cell-based therapies continue to expand. Not only can adult somatic cells be induced to form lines of pluripotent stem cells with properties of embryonic stem cells (induced pluripotent stem cells) but recent studies have demonstrated that adult human fibroblasts can be converted into functioning neurons [21] [22] . The identification of genes that orchestrate neuronal development, such as those coding for transcription factors, has made these novel cell-based therapies possible.
Drug-based therapies targeting acute secondary injury mechanisms for TBI have shown tremendous potential in experimental models but have yet to be successfully translated to clinical trials [23] . However, drug-based therapies targeting chronic intervals may have potential for attenuating injury-related neurodegeneration and stimulating recovery mechanisms. Another opportunity is to examine the rehabilitation benefits of drugs approved for other indications. An example is statins, which have been shown to have a neuroprotective effect in experimental central nervous system (CNS) disease models [24] .
Muscle Function, Muscle Disease, and Motile Biological Systems
While conditions such as stroke, SCI, and TBI are primarily associated with neurological consequences, they can also affect multiple body tissues as well as cellular structure and function. Nowhere is this more evident than in the effect on skeletal muscle, where molecular regulation of fiber type, metabolism, and contractile function is a rapidly growing research theme in both neurological disability and age-related functional declines. The biology of sarcopenia (muscle wasting) in aging and disuse atrophy, both of which lead to weakness and insulin resistance, are important areas of geriatric musclemolecular biology research.
Increasing data suggest that both these conditions are modulated by master transcriptional regulators of muscle molecular phenotype, metabolism atrophy or hypertrophy signaling, and that these are modifiable by physical activity, altered neural innervation, and possibly, pharmacologically. SCI and stroke produce strikingly similar downstream pathologies in skeletal muscle that include atrophy, increased muscular area fat, and a major shift from slow twitch to the fast myosin heavy chain molecular phenotype. Research in such areas as activity-dependent plasticity (including calcineurin-related pathways) and activation of PGC-1α (peroxisome proliferator-activated receptor gamma coactivator 1-alpha), which upregulates slow twitch muscle expression and glucose metabolism, constitute an opportunity for rehabilitation research to innovate chronic disease management models in neurological disease as well as aging. Also important is understanding and treating acute musculoskeletal injuries.
Bone Healing and Disease
The key to developing effective therapies for bone loss is understanding the regulatory network for skeletal progenitors and downstream mediators. Understanding bone adaptation and healing will help development of new therapeutic targets for traumatic injury, osteoporosis, and other bone issues. Connective tissue regeneration is also important to bone healing and function. Important topics for future research include implantable cartilage, cellular therapy such as stem cell homing, cell-cell communication, and others.
as clinical effectiveness of therapies. Additionally, the field will greatly assist in identification of new potential targets, understanding responsiveness to clinical treatment, and potential targeting of rehabilitation therapy approaches. Genetic variability association with the recovery process, response to rehabilitation, and recovery outcome are all areas of interest for rehabilitation genomics. Examples include work focused on outcome after TBI and several candidate genes related to neuroplasticity (BDNF gene), blood flow (ACE [angiotensin-converting enzyme] gene), and apoptosis (TP53) [25] [26] . Genomic studies and functional profiling have also demonstrated the presence of single amino acid substitutions that increase or decrease the sensitivity of target channels to pharmacological agents, suggesting that personalized or genomically based approaches to pain pharmacotherapy are possible [27] [28] [29] . The identification and subsequent validation of candidate genes can open new research approaches related to understanding the biological pathways associated with conditions and recovery mechanisms of interest.
PHYSICAL AND MENTAL FUNCTION
Within the domain of physical and mental function, we identified 35 key areas of opportunity within rehabilitation research (Table) . Also important to this domain are medical complications of disabling conditions, including venous thromboembolism, pressure ulcers, and wound infections. In addition, understanding the rehabilitation of medically complex patients and postintensive care syndrome are of interest. These 35 areas are grouped into 8 categories, which are briefly described next.
Aging
Aging has a profound effect on functional ability, outcomes, rehabilitative care plans, and treatment. As such, the effect of aging is an important topic for rehabilitative research. Language and other cognitive processes (e.g., memory, attention, decision making) are readily susceptible to the effects of aging, injury, or disease. Impairments to language and or memory can affect quality of life and produce barriers to employment, social relationships, and leisure activity. Identifying new rehabilitation strategies to enhance cognitive function and emotional health are important research areas [30] .
Recent work has shown that executive functions (goal setting, planning, decision making, etc.) are especially vulnerable to the effects of vascular risk, which increases with age. This relationship is consistent with the pattern of gray matter changes and white matter integrity loss found to vary systematically with vascular risk [31] [32] [33] . These data suggest that systemic cerebrovascular health for the whole person may play a role in neural tissue degeneration in brain areas critical for executive functions.
Cognitive Impairment
Cognitive impairment associated with disease or injury is an important theme for rehabilitation research. The cognitive sequelae of TBI and posttraumatic stress disorder (PTSD) are important themes for rehabilitation research. Evidence suggests that TBI may be a risk factor for several neurodegenerative disorders [34] . Several studies have implied an effect of repeated episodes of concussion in combat and potential cumulative effects related to the parallel and noninteractive development of PTSD and prolonged sequelae of mild TBI [35] [36] . New therapies for the treatment of PTSD and TBI are of particular interest, e.g., the centrally acting alpha-adrenergic blocking agent, prazosin, to reduce the frequency and/or severity of nightmares [37] [38] .
TBI and PTSD can cause a constellation of overlapping physical and emotional symptoms that are associated with cognitive deficits, including executive and attentional dysfunction [39] . Blast injury may exacerbate these relationships and pose additional challenges for the development of successful treatments [40] . Additional research is needed to fully understand any effect of blast exposure on outcome. Depression has significant effects on cognitive function across a broad array of clinical issues relevant to Veteran rehabilitation research. Later-life depression is associated with cognitive deficiency and increased risk of developing AD [41] . Models of depression and AD implicate glucocorticoids and cerebrovascular disease as primary mechanisms leading to neuropathological changes [42] .
Exercise and Motor Learning
Physical inactivity is a strong predictor of physical disability in older adults, and physical activity patterns decrease as a function of age [43] . Maintaining a physically active lifestyle is associated with prolonged longevity and a reduced risk of becoming physically disabled [44] . Physical activity has been demonstrated to improve quality of life by improving overall well-being [45] , reducing physical symptoms [46] , reducing depressive symptoms [47] , and improving self-efficacy [48] . Further research is needed to understand the dose, timing, and modalities of exercise to optimize long-term health outcomes and how to best synergize exercise with motor learning, nutrition, and clinical pathways across the continuum of care.
Aerobic exercise produces improvements in a range of cognitive domains, including auditory and visual attention, processing speed and motor function, and planning and working memory [49] [50] . Exercise has a broad role in causing, preventing, and treating select medical conditions. Exercise-mediated cognitive improvements are, in general, most robust for executive control: an area of cognitive function typically most impaired in stroke, TBI, schizophrenia, and aging with vascular risk factors [51] . Although the mechanisms by which exercise affects cognition and affect are not conclusively delineated, several studies have documented a positive association between exercise and brain activation in the frontal and parietal cortices, production of BDNF, and improved autonomic function [52] [53] .
Recent advances in neuroimaging methods have enabled researchers to link alterations in brain structure (e.g., cortical thickness, tissue integrity) and function (e.g., resting brain networks) with cognitive change in response to cognitive training and physical exercise [54] [55] [56] . The use of neuroimaging to investigate the neurobiological effects of cognitive and physical exercise is currently limited but has broad implications for guiding the development and evaluating the efficacy of rehabilitative strategies for cognitive and emotional function in aging, neurodegenerative disease, and brain injury.
Neurodegeneration
As the proportion of the elderly population increases, so does the number of individuals afflicted with neurodegenerative disorders such as AD, PD, and amyotrophic lateral sclerosis (ALS). Identifying aberrant processing of the amyloid precursor protein as a major risk for the development of AD-type dementia has led to the development and testing of several new classes of drugs to prevent or slow disease progression, including amyloid-modifying compounds that are in clinical trials [57] . Greater understanding of the biochemistry and role of the structural protein tau in neurons has also led to clinical trials in AD that target this mechanism [58] . The finding that growth factors can prevent cell death arising from diverse mechanisms and can stimulate cell function has led to trials in AD, PD, and ALS [59] . In PD, appreciation for the importance of intracellular accumulation of alpha-synuclein in neuronal degeneration has led to the development of new therapies in animal models that are in the process of undergoing clinical translation [60] [61] . Progress in understanding fundamental risks associated with the development of spinal motor neuron loss, including the role of glia, is leading to new approaches to the treatment of ALS [62] .
Spinal Cord Regeneration
A topic of great interest in SCI research over the last several decades has been the elucidation of mechanisms that underlie the failure of central axons to regenerate. Several mechanisms, both intrinsic and extrinsic to the adult neuron, contribute to regenerative failure. First, in the injured environment, cystic lesion cavities fail to become filled with cellular or extracellular matrices to support growth. Accordingly, experimental efforts aim to place permissive matrices (both natural and bioengineered) into the lesion site to support axonal growth. Second, growth factors are not expressed at sites of SCI in appropriate spatial or temporal gradients to promote the recruitment of new axonal growth. This is in marked contrast to the regenerating peripheral nerve wherein Schwann cells produce a number of growth-promoting molecules, including NGF, BDNF, neurotrophin-3, GDNF, and others [63] . Third, two classes of molecular inhibitors to growth are present in the lesioned CNS to actively block axonal growth: inhibitory extracellular matrix proteins, including chondroitin sulfate proteoglycans, and inhibitory proteins present on adult myelin, including Nogo, myelin-associated glycoprotein, oligodendrocyte-myelin glycoprotein, netrin, semaphorins, Wnt proteins, and others [64] [65] [66] . Finally, unlike peripherally injured neurons, centrally injured neurons fail to upregulate a repertoire of genes to support an active, intrinsic growth state.
Based on these findings, experimental therapies aim to (1) place bridges in spinal cord lesion sites, (2) deliver growth factors, (3) neutralize or eliminate inhibitors of growth, and (4) activate the intrinsic growth state of the neuron. Individually, many of these approaches incrementally improve axonal regeneration. When combined, the effects of these experimental interventions are more potent, resulting in the first successes in achieving axonal regeneration into and beyond spinal cord lesion sites over the last few years [67] [68] . To improve function in humans, additional progress is needed. Primarily, the number of axons and the distance over which axons will regenerate needs to be substantially improved to have detectable benefit in human trials.
Pain
Pain is almost universally experienced as a concomitant of most physical and behavioral health impairments. Pain has been identified as an important moderator of the effectiveness of treatment for common mental health conditions, including depression, substance use disorders, and PTSD [69] . Reduction in pain may mediate improvements in the rehabilitation of other disabling conditions such as stroke [70] . Consistent with these observations, current trends in rehabilitation research encourage the development and evaluation of integrated treatment and rehabilitative approaches [71] .
Existing medications might, at sufficient dosages, be effective in treating pain, but their efficacy is limited by off-target side effects, including ataxia, confusion, sedation, cardiac arrhythmias, and dependency. This is especially true for pharmacological blockers of sodium channels that support the firing of neurons. A goal of pain research has been the search for sodium channel subtypes that are selectively or preferentially expressed in pain-signaling neurons. Research has identified a sodium channel that is specifically produced only in pain-signaling neurons and a sodium channel subtype that is upregulated in injured pain-signaling neurons. This identification has led to the functional profiling of other sodium channel subtypes that are primarily expressed in peripheral neurons [72] [73] [74] [75] . These studies have demonstrated how these channels work together to generate pain signals [76] . Studies of rare inherited pain syndromes have pinpointed pivotal molecules that drive pain signaling by identifying, for the first time, a single gene or gene product, the Nav1.7 sodium channel, that is a major contributor to human pain [77] [78] .
A major challenge in understanding pain lies in the transition from acute pain to chronic, unprovoked (often neuropathic) pain. Neuropathic pain takes on a life of its own, arising not from a noxious external stimulus but from disease or dysfunction of the nervous system itself. Such pain negatively affects quality of life in many after nerve injury or SCI, in association with diabetic neuropathy, and as a complication of cancer chemotherapy. Further, this type of chronic pain is often refractory to existing pharmacotherapies and represents a major challenge for millions. In order to develop more effective therapies, understanding the factors that trigger and maintain neuropathic pain as well as the transition from acute nociceptive pain to chronic neuropathic pain is needed. One such trigger is synaptic strengthening caused by central sensitization along the painsignaling pathway. Recent studies have demonstrated major contributions from dysregulated expression of ion channels that increase the excitability of pain-signaling neurons [79] [80] .
In addition to molecular and cellular changes, there is evidence that psychosocial factors may be linked to the perpetuation, if not the development, of chronic neuropathic pain and pain-related disability. High levels of maladaptive coping, high baseline functional impairment, presence of psychiatric comorbidities, history of sexual trauma, and low general health status have been found to be particularly reliable predictors of poor outcomes [81] [82] .
Cognitive behavioral therapy has been demonstrated to be effective, either delivered alone or in the context of interdisciplinary and multimodal approaches for the management of pain associated with a broad array of disabling medical conditions [83] [84] . Patient motivation and readiness to adopt a pain self-management approach have been identified as reliable predictors of psychological treatment engagement and adherence to therapist recommendations for pain coping-skill practice and have been highlighted as particularly important targets for intervention [85] [86] . Continued research is needed to overcome barriers to access and engagement to effective therapies and to develop new novel therapies, including nonpharmacological treatments.
Sensory

Visual
Millions of Americans have a visual impairment, with prevalence estimated at 3.1 percent [87] . In addition to vision loss itself, the associated diseases lead to substantial individual and societal costs as well as disability. Important foci for research in this area include understanding the mechanisms associated with disease and injury that contribute to vision loss; diagnosing and treating conditions leading to vision loss; and developing assistive equipment and tools that support this research, such as highresolution retinal imaging. Within these areas, important topics include (1) understanding optic neuroprotection; age-related macular degeneration and other retinopathies; optic neuropathy caused by glaucoma ischemia, compression, toxins or trauma, and diabetic retinopathy; (2) identifying biomarkers for disease, injury, and response to treatment; subretinal and transcorneal electrical stimulation; and (3) assessing via computers and detecting visual field loss and imaging modalities for assessment of structure and function of the visual system that can also be applied to remote, telemedical assessment; retinal prosthesis; and wayfinding and mobility devices. In addition, recent evidence has shown that degenerative disorders affecting the CNS, such as MS, TBI, PD, and AD, can also affect the layers of the retina and neural pathways mediating vision and eye movements. Assessments of visual and oculomotor function (e.g., eye movements, eyelid movement and blinking, accommodation and pupil movements) and retinal structure may provide easily quantifiable ancillary rehabilitatory tools to assess CNS disorders and their treatment.
Auditory
The prevalence of hearing loss is increasing at 1.6 times the rate of population growth in the United States-due primarily to the shift in population demographics toward higher age groups [88] . It is estimated that over 34 million Americans have some degree of hearing loss. This trend is particularly prevalent in the Veteran population where tinnitus and hearing loss are the most common and second-most common of all service-connected disabilities for Veterans, respectively [89] . The primary remediation for hearing loss is the use of hearing aids. However, three of every four people with hearing loss (and 6 of every 10 people with moderate-to-severe hearing loss) do not use hearing aids. Further, many patients who wear hearing aids are dissatisfied with their performance.
Numerous studies have examined the reasons why individuals with hearing loss tend to be satisfied or dissatisfied with treatment. There is general agreement that outcomes are associated with the hearing aid itself, in combination with individual differences in auditory, cognitive, and psychological factors [90] [91] . Research is needed in the areas of evaluation, treatment, and ongoing rehabilitation to increase the use and effectiveness of hearing aids and/or assistive listening devices.
Anything that can cause hearing loss can also trigger the onset of tinnitus. Based on multiple studies, the prevalence of tinnitus in adults in the United States is estimated at 10 to 15 percent [92] . It was recently reported that Veterans have twice the prevalence of tinnitus as non-Veterans [89] . Most tinnitus interventions focus on reducing reactions to tinnitus rather than attempting to mitigate the sensation [93] . Research is needed to evaluate the effectiveness of the most promising treatments and to identify patient characteristics that are associated with the effectiveness of various treatments.
Motor Issues
Motor control and motor learning are important areas of concern for rehabilitation researchers. Two example conditions frequently associated with motor issues are SCI and stroke. SCI can cause loss of voluntary control and involve movement of the arms and hands, trunk, lower limbs, breathing and cough, bladder and bowel function, and sexual function. Pain and spasticity may also be encountered. Findings show that latent pathways of the spinal cord may be facilitated by activation through induced movement such as robotic devices and body-weight supported treadmill training combined with low-level electrical stimulation delivered epidurally to the spinal cord [94] .
With regard to stroke, there is evolving evidence that patients retain the capacity to regain function for extended periods after their original insult. This outcome is due to the plasticity of the cerebral cortex that enables areas of the brain to be reassigned the control tasks [95] . Repetitive activity is well suited to technologies that supplement the actions of the therapist and allow professionals to direct their attention toward higher-level intervention. Robotic devices that augment the patient's own effort are well suited to repetition, as are interventions that employ electrical stimulation delivered to the muscle. Another important issue facing patients with stroke is swallowing and aspiration (dysphagia). Appropriate management of dysphagia is important for patients with stroke because it can lead to poor nutrition and increased disability. In addition to these areas, other important topics include research focused on pulmonary rehabilitation and speech and language recovery.
NEW TECHNOLOGICAL APPROACHES AFFECTING REHABILITATION
Within the domain of new technological approaches affecting rehabilitation research, Figure 2 identifies 11 key areas of opportunity. Of the many technological approaches affecting rehabilitation, these areas identified in Figure 2 are highlighted because of recent improvements in their use either clinically or in research.
Neural Prostheses
Neural prostheses are often divided into two categories: motor and sensory. These medical devices are generally implanted with the goal of restoring some aspect of either motor or sensory function that has been lost elsewhere in the body due to injury or disease, such as SCI or stroke. In restoration of movement, neural prostheses are used to stimulate intact upper motor neurons that are still connected to paralyzed muscle (striated or smooth). In attempts to restore sensation, neural prostheses are used to stimulate intact sensory neurons that are still ultimately connected to the brain but whose peripheral sensory receptors have been damaged. Neural prostheses have been used to restore some voluntary control of paralyzed upper and lower limbs, trunk control and postural stability, bladder and bowel control, and breathing and cough and for building muscle tissue for prevention of pressure sores [96] . Lower-limb systems can restore some ability to stand, transfer from one surface to another, and some walking capability.
Neural prostheses also include brain-computer interface systems. These systems use a variety of neural recording technologies on the skin or brain surface or penetrate into the brain for recording cortical neural signals and translating them into information that can be used to control other devices, such as computers, motor neural prostheses, or electromechanical prosthetic limbs [97] . The more complex systems use a small array of invasive penetrating recording electrodes that can record electrode potentials from single cells and integrate the activity from multiple cells to create control information. A recent article describes two people with tetraplegia using an implanted 96-channel microelectrode array in their motor cortex to control a robotic arm to perform complex reach and grasp movements [98] .
Electrical stimulation provides a means of restoring some bladder control. Stimulation of the sacral roots either in the extradural or intradural space can generate significant bladder pressure. Relaxation of the external sphincter appears to be feasible by either inducing a reflex relaxation through the pudendal nerve or by blocking activity to the external sphincter, e.g., through the high-frequency blocking technique [99] . Restoration of bowel function has not been as extensively researched as restoration of bladder function. While newly advancing bladder systems are expected to have a similar effect on the bowel as earlier devices, additional research will be necessary.
Sensory neural prostheses are typified by devices such as the cochlear implant, which stimulates the endings of the auditory nerve when the hair cells have been destroyed. There have also been successful preliminary clinical results in stimulating the optic nerve when the photoreceptors of the retina have been damaged [100] .
Magnetic Stimulation
Transcranial magnetic stimulation (TMS) involves the discharge of a large capacitor into a conductive coil positioned over the scalp, with the rapidly changing current in the coil generating electric fields in the brain [101] . TMS techniques include methods to both stimulate and inhibit cortical function. TMS has been shown to improve language function after stroke [102] . The presence of TMS-evoked motor potentials has been found to be predictive of recovery after stroke [103] [104] . Impairments of the corticobulbar system in the form of motor speech disorders, caused by decreased excitability of the cerebral cortex, have also been shown to be amenable to treatment with TMS in PD [105] [106] [107] . Repetitive TMS stimulation designed to suppress activity in the unaffected hemisphere can enhance motor and language performance generated from the affected side [108] . A more recent type of repetitive stimulation, theta-burst stimulation, can transiently improve the efficacy of the affected motor cortex [109] .
In the future, TMS may increasingly become part of an evidence-based rehabilitation practice in which measurement of neuronal and clinical deficit result in application of a rehabilitation program specifically designed to reverse that deficit. New methods of noninvasively stimulating the brain are also being developed, including transcranial direct current stimulation, and these may supplant TMS when the goal is the neuromodulation of wide areas [110] .
Functional Brain Imaging
Many forms of advanced imaging are important tools of interest for rehabilitation research. Functional brain imaging is of particular interest because of the potential to measure brain activity in the context of brain function. Magnetic resonance imaging is the most widely used, and other techniques include positron emission tomography, near infrared spectroscopy, and electro/magneto-encephalography.
The use of functional imaging to measure brain activity related to movement, language, and other cognitive functions after stroke has led to several conclusions related to brain reorganization, although the field has been fraught with controversy. Much of this has to do with the functional role of brain areas that are activated during task performance. For example, in aphasia resulting from stroke, there is frequently activation of nondominant hemispheric homologs of language areas. However, this activity appears to correlate with poorer function and, when suppressed, can lead to better recovery [111] . In the realm of motor recovery and rehabilitation, nonprimary motor areas in both hemispheres are frequently active during motor tasks after stroke, and many appear to contribute to the recovered ability to move [112] . As with TMS, prediction of recovery is also possible with functional imaging [113] . Future developments in this area may enhance understanding of neuronal function during recovery and thus be a useful tool for rehabilitation research.
Virtual Reality
Virtual reality (VR) systems in rehabilitation consist of a computer, software, various types of display devices, and mechanisms for user interaction (gloves, sensors, treadmills, etc.). Haptic and other sensory feedback may also be part of the system. VR systems are well suited to simulate naturalistic environments where rehabilitation patients have challenges. VR systems have been successfully used for improvement of balance and ambulation poststroke; skill training; and motor rehabilitation for TBI, SCI, and in other areas [114] [115] . VR systems for rehabilitation could provide an enhanced approach for controlled functional measurement in a variety of applications.
Telerehabilitation
Telehealth encompasses a range of clinical services performed when distance separates provider and patient. These services include medical diagnosis, health monitoring, and therapy. A meta-analysis of 29 home-based telehealth studies revealed an overall positive effect of a variety of interventions on clinical outcomes in diverse patient populations [116] .
An example of telehealth for rehabilitation is tinnitus management for Veterans and military personnel with TBI [117] . Another example is the emerging use of remote monitoring devices to assess visual structure and function [118] . Development of automated image analysis of retinal and optic nerve images collected remotely allows disorders such as macular degeneration, glaucoma, papilledema, and diabetic retinopathy to be diagnosed and monitored for effective treatment and more efficient triage [119] [120] [121] [122] .
Robotics
Robotic-assisted rehabilitation has long offered the promise of repetitive task practice without therapist fatigue, programmability to customize motor learning paradigms, measurement capacity to empirically progress training and quantify outcomes, and efficiency to possibly reduce costs. Until recently, data establishing comparative effectiveness of robotics to usual care or other forms of rehabilitation were not available. In Veterans with chronic stroke, robotic-assisted rehabilitation for upper-limb function had similar treatment benefits to aggressive occupational therapy and was more effective than usual care [123] . Emerging research themes in this area are testing modular, lower-limb, multi-segmental, and whole body exoskeletons; advanced control algorithms; novel motor learning paradigms; and patient-robot interfaces to enhance control and/or usability.
Portable Monitoring and Mobile Applications
Portable monitoring is rising in use along with telehealth to improve the outreach, customization, and quality of rehabilitation and related services. Examples of portable monitoring methodologies that have entered clinical translational research relevant to rehabilitation include continuous monitoring of physical activity, eye structure and function, body position, surrogate measures of balance, electroencephalography, geo-location, select cardiopulmonary parameters, and integrated sleep apnea/integrity monitoring systems. An example is a microprocessorlinked step monitor that was shown to be accurate in counting steps in patients with stroke [124] . Newer generations of monitors include wearable technology and accelerometers coupled with gyroscopes and linked to smartphones, making portable whole-body movement analyses and feedback to track and improve the quality, quantity, and safety of multisegmental movements and balance a new frontier in rehabilitation research [125] . Smartphone applications also provide mechanisms to deliver context relevant information as well as gathering data.
Biomaterials/Tissue Engineering
Bioengineering advances have the potential to improve regenerative therapies for SCI. Nanotechnology has allowed the fabrication of synthetic bridges to guide axons into and through sites of SCI [126] [127] . Bioengineered matrices can be loaded with therapeutic substances, including growth factors, that are gradually released over time to further enhance axon regeneration. Engineered nanofiber scaffolding constructs are also being developed to improve the delivery of progenitor cells in CNS injury [128] . Biomaterials and tissue engineering techniques have been used in a wide array of areas, including development of cartilage, bladder, skin, and biomaterials for bone tissue regeneration. These approaches are important for the future of rehabilitation and rehabilitation research.
Advanced Wheelchairs
Effective wheelchair mobility requires that the person and wheelchair work together intimately to form an effective human-machine system. The interactions vary from mechanical interfaces, such as seating, positioning, and propulsion, to control and sensing interfaces that operate on a sliding scale of autonomy and assistance. Optimal wheelchair mobility promotes the wheelchair and user working symbiotically as one from physical, sensory, and control perspectives [129] . Significant problems remain with secondary conditions associated with wheelchair usage, such as repetitive strain injury, pain, deformities, tissue integrity, and functional limitations [130] . It is essential to understand the interaction between the fixed and flexible built environment in order to facilitate full participation of wheelchair users. It is also important to understand tasks such as transfers, obstacle negotiation, and whole-body vibration [131] . In addition, providing enhanced mechanisms for transfer assistance is needed. Research is needed into fixed and mobile dexterous manipulators [132] . There are still many technical, social, and behavioral barriers to overcome related to wheelchairs and their users.
Advanced Prosthetics and Orthotics
Prosthetics and orthotics continue to evolve and improve for both upper-and lower-limb applications. Perhaps the most dramatic example of success in lower-limb prosthetics was an individual with bilateral below-knee amputation running in the 2012 London Olympics and competing at the highest athletic level. An example of a new approach is the actively powered foot/ankle prostheses. When compared with passive-elastic prostheses, this approach resulted in decreased metabolic energy costs and increased walking velocities [133] . Other examples include advanced upper-limb prosthetics that allow many more degrees of freedom of movement than previously available in upper-arm prosthetics [134] . Dexterous hands and arms that have nearly anthropometric movement have been developed.
Even with these major advances, significant challenges remain for completely compensating for limb loss. Advanced upper-limb prosthetics face challenges in obtaining sufficient control signals from the user to control multiple degrees of freedom. Lower-limb prosthetics continue to face challenges in areas such as allowing users to walk over uneven terrain and stairs or the ability to easily change gait velocity. Other than vision and extended physiological proprioception, prostheses do not, in general, provide sensation to the user. Researchers continue to investigate methods of providing sensory feedback, either by vibration or low-level electrical stimulation to remaining sensory nerves.
Another significant issue is attachment of the prosthesis to the body. Currently, the socket is the means for attachment of a prosthesis to the residual limb. There are many unsolved problems with the fitting of sockets, such as changes in limb volume during the day and over time, temperature, perspiration, and the sometimes frequent breakdown of the skin due to pressure. Advances in osseointegration, direct attachment of the prosthetic to the bone, may someday provide a means for improving the attachment of the prosthesis [135] . Dental implants have demonstrated the potential for these new interfaces, and new materials for biointegration and stable skin interfaces make these interfaces appear feasible for prosthetic application. Another area of research is phantom pain. Elimination or mitigation of the pain response is important for the person with amputation. Targeted muscle reinnervation has yielded some encouraging results as a method to reduce or eliminate phantom-limb pain in some individuals.
SOCIAL AND COMMUNITY INTEGRATION AND DESIGN AND DELIVERY OF REHABILITATIVE SERVICES
Within the domain of social and community integration and design and delivery of rehabilitative services, Figure 3 identifies five key areas of opportunity within rehabilitation research.
Key to rehabilitative efforts is an understanding of the role of the social and community environment and social integration and its effect on one's physical condition. Strong social networking and a positive environment are relevant to both limiting the rate of natural decline as well as expediting the recovery process. The converse is also true; a limited social support system or nonaccommodating environment can result in suboptimal outcomes to otherwise manageable conditions.
Transitions to Stages of Care and from Unimpaired to Impaired State
The transition from an unimpaired to impaired state needs to be defined in terms that extend beyond the clinical environment and considered within the context of both how and where care is being provided and the transition environment. Seamless transition is especially a challenge when subtle decline is noted in an ambulatory or nonclinical setting and when the consequences are more social rather than medical (e.g., loss of job, family dissolution, incarceration). In these settings, there is often a mismatch among the care provided (or available), the degree of evolving impairment, and the social supports needed. Research designed to identify and intervene in nontraditional settings represents a novel effort at addressing these mismatches in disability needs and care settings [136] .
Understanding Effects on Employment, Social Life, Family, Driving, and Life Space Employment is often viewed in a more limited context as necessary for economic self-sufficiency and sustainment. However, several studies have also demonstrated the therapeutic effects of employment, particularly in settings that accommodate physical or cognitive limitations [137] [138] [139] . Self-worth, constructive engagement, and physical and cognitive conditioning are all related to employment status. Similarly, the role of social supports and social networking have long been recognized as critical to recovery efforts, while conversely, social isolation and withdrawal have a deleterious effect on the mental and physical functioning of individuals [140] [141] . The contribution of caregivers and their effect on the rehabilitation process is also an important topic. In addition, it is important to develop and understand models of care for managing client, caregiver, and family psychosocial issues in rehabilitation. Individuals with limited social contact and poor social support systems coupled with limited financial resources are often the most vulnerable to a debilitating or disabling event [142] . In addition, the study of employment as a therapeutic tool to enhance and sustain rehabilitative outcomes (coupled or uncoupled with social supports and mentoring) represents an important research area. 
Sites of Care, Role of Healthcare Systems, Multidisciplinary Team Care, and Specialist Care
While increased care coordination, including team-based care, is usually associated with improved outcomes, we have incomplete knowledge on how such care actually achieves the desired outcomes. Team-based care can also be costly and inefficient. Stroke rehabilitation outcomes, e.g., functional gains, length of stay, and discharge destination, were shown to vary by the characteristics of rehabilitation teams [143] . In addition, in a subsequent clinical trial, a process improvement intervention directed at team functioning was associated with improved stroke outcomes in the experimental versus control sites [144] [145] . Further understanding relating to the dynamics of team-based care in rehabilitation in various care settings is an important topic for future research. In particular, understanding team functioning (or more broadly, processes of care) and its relationship with patient outcomes is an important area of focus.
Understanding and Mitigating Environmental Factors Affecting Care
Mitigating environmental factors include family issues such as domestic violence, emotional neglect, and home conditions. Understanding challenges associated with mitigating environmental factors affecting care can be considered within the context of homeless patients, who often present with extreme challenges associated with social integration. Musculoskeletal conditions and traumatic arthropathies are the most common comorbidities among homeless and imminent homeless (extreme poverty) cohorts and play a significant role in determining capacity to work and disability [146] . Important areas of inquiry for these high-risk populations include developing approaches for earlier identification and development of care models focused on employment and self-sufficiency. Still another area of future inquiry is identification of care models for those individuals who are treatment resistant or who have not done well in traditional care because of their social condition, destructive behaviors, or extensive needs.
Self-Efficacy in Rehabilitation
Self-efficacy refers to how confident a patient is about his or her abilities based on feelings of selfconfidence and control [147] . The degree to which a patient believes that he or she is competent to manage a chronic condition can be directly related to treatment outcomes and the ability to self-manage the condition. An example intervention is education leading to self-management for chronic pain management [148] . In the past, urgent pain relief mostly depended on treatments such as opioid drugs or surgery. In current practice, it is recognized that effective management of chronic pain depends much more on patients' own efforts and expectations. Another example of successful self-management is Progressive Tinnitus Management, which is used in the VA [149] .
As patients become more actively involved in decisions affecting their clinical care in a recoveryoriented context, they naturally experience a greater sense of commitment to participate in the care management process. The movement toward patient engagement and self-care has resulted in a greater shift of responsibility from healthcare providers to patients for aspects of their disease management [150] . Accomplishing this shift of responsibility requires working with patients to help them understand their condition, participate in decisions regarding their management plan, develop and follow the plan, and monitor success of their self-management effort and revise the plan as needed. This overall approach is appropriately termed "collaborative selfmanagement." Understanding interventions and factors that enhance engagement in rehabilitation is an important area of research.
DISCUSSION
In addition to the research opportunities noted in this editorial, we identified several important themes as critical issues for rehabilitation research. These themes relate to translational rehabilitation research and methodological challenges associated with rehabilitation research.
Methodological Challenges, Measures, and Metrics
There are two critical challenges in conducting clinical trials in rehabilitation: the variation in clinical conditions underlying functional impairments and the range of individualized treatments provided in usual care. In prosthetics, for example, unique variations in and modifications to each piece of equipment may affect outcomes. Understanding the efficacy of rehabilitation interventions requires detailed knowledge regarding the complete array of services provided rather than just the length of stay or hours of therapy [151] . Further, rehabilitation interventions are often comprised of many components, require a team approach, and involve varied levels of patient engagement or participation.
The long-standing gold standard for evidencebased practice is a well-conducted, multicentered (phase III) randomized clinical trial. However, there have been very few large-scale clinical trials to test safety and efficacy for interventions in rehabilitative care. Some of the reasons for this relatively small number are associated with difficulty in standardization of rehabilitation protocols, use of appropriate control groups, and identification and recruitment of participants. Key challenges related to evaluating rehabilitation devices in clinical trials relate to their design for individual use and blinding. Often, blinding is not possible in clinical trials on technology. Although research methods exist to accommodate the challenges of small sample size, additional research is needed in the statistical methodology for alternative study designs that do not rely on large sample sizes [152] . Examples of these approaches are n of 1 studies and use of quasiexperimental designs.
A challenge for all clinical research, not just rehabilitation clinical studies, is the development of measures that relate to disability and impairment and also allow measurement of clinically meaningful change. Opportunities for research in this area include measures assessing cognitive function (including language), physiological function, and quality of life in the rehabilitation setting. In addition, tools to assess social integration and patient engagement are of interest.
Challenges Involved in Translational Research: Bench to Bedside
Translation of research from basic science into clinical development and use in clinical practice requires moving through two major barriers: human studies and translation of new knowledge into widespread use in clinical practice and healthcare decision making [153] . Development of new knowledge and clinical application is facilitated by the flow of information back and forth from the domains of basic and applied research, as well as the domains of clinical practice and the human environment. Rehabilitation research that is concerned with the integrative model of human functioning crosses all these domains [154] .
Limited understanding of the biological mechanisms associated with rehabilitation domains presents a challenge in identifying potential molecular targets and interventions that could affect functional limitation. The identification of key molecular targets is a challenge for all translational research and is necessary for translating a biological discovery into a drug, device, or other intervention that will facilitate rehabilitation. Additionally, testing hypotheses in different models and in humans is also needed to validate therapeutic targets. Translational research requires the formation of many partnerships, including researchers, sponsors, clinicians, participants, and industry. Infrastructure such as experienced investigative teams, clinical research pharmacies (with regulatory support), pharmacogenomic laboratories, and advanced technology centers are needed to facilitate translational research efforts.
It is our hope that this editorial will serve to enhance interest and activity in the field of rehabilitation research, which holds a vital and important place in the scientific enterprise. 
